This study was conducted to determine whether the age of the host influences the pathogenesis and therapeutic outcome of drug-treated Pseudomonas aeruginosa keratitis. Young (3-to 5-month-old) and old (1.5-to 3-year-old) rabbits were intrastromally infected with P. aeruginosa ATCC 27853. Sixteen hours later, rabbits in both age subpopulations were divided into three groups and treated topically as follows: group 1, phosphate-buffered saline; group 2, 0.3% ciprofloxacin; and group 3, 0.3% ciprofloxacin, 1.0%S prednisolone, and 0.03% flurbiprofen. Drops were given every 15 min for 1 h and then every 30 min for 9 h. At 27 h postinfection, ocular pathology was graded with a slit lamp examination (SLE) scoring system. Aqueous humor was collected for ciprofloxacin quantitation, and corneas were harvested for bacterial enumeration and estimation of polymorphonuclear leukocytes. Young rabbits had more severe inflammation and pathology than old rabbits. At 27 h postinfection, SLE scores and polymorphonuclear leukocyte numbers were significantly higher for young rabbits than old rabbits (P < 0.02), regardless of treatment. Prednisolone and flurbiprofen significantly reduced SLE scores in both age groups (P < 0.03) without affecting the antimicrobial efficacy of ciprofloxacin.
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While conducting a previous study investigating the concurrent administration of ciprofloxacin (7.5 mg/ml) and prednisolone (10 mg/ml) for the therapy of experimental Pseudomonas aeruginosa keratitis (6) , we noticed that, all other factors being equal, older rabbits appeared to develop less severe pathology compared with younger rabbits, whether the infection was treated or not. If, in fact, age is a factor in the development of comeal pathology resulting from P. aenrginosa infection, this variable could contribute to the inconsistencies seen in the results of animal studies on the use of combinations of antibiotics and anti-inflammatory agents for the therapy of bacterial keratitis (4, 6, 11) . To test this theory, we designed a study involving young and old rabbits infected and treated identically to determine the influence of age on disease characteristics and the response to treatment regimens.
MATERIALS AND METHODS
Experimental Pseudomonas aeruginosa keratitis. Twentyfour New Zealand White rabbits were used in this study. Twelve of these rabbits, a subpopulation designated as young rabbits, were between 3 to 5 months of age and weighed 1.74 ± 0.10 kg (mean ± standard error of the mean [SEMI). The remaining 12 rabbits, the subpopulation designated as old rabbits, were between the ages of 1.5 and 3 years of age and weighed 4.00 ± 0.21 kg. The terms young and old were arbitrarily chosen; however, the young rabbits were sexually immature, whereas the old rabbits were retired breeders. All rabbits were anesthetized with a subcutaneous injection of a 1:5 mixture of xylazine (100 mg/ml; Miles, Shawnee, Kans.) and ketamine hydrochloride (100 * Corresponding author. mg/ml; Aveco, Fort Dodge, Iowa). Topical comeal anesthesia was achieved by instilling a drop of proparacaine hydrochloride (0.5%, Ophthaine; Squibb, Princeton, N.J.). Each eye then received an intrastromal injection, as previously described (12) , of 10 ,ul of tryptic soy broth (Difco, Detroit, Mich.), containing 103 CFU of logarithmic-phase P. aeruginosa ATCC 27853. This strain has a minimum inhibitory concentration for ciprofloxacin of 0.24 ,ug/ml. Because the infections were to be stopped at a relatively early stage (i.e., before significant stromal edema and stromal infiltrate-occluded vision), both eyes of the rabbits were infected.
Slit lamp examination (SLE). Eyes were examined with a slit lamp biomicroscope (Topcon SL-5D; Tokyo, Japan) prior to infection, before the initiation of therapy (16 h postinfection), and immediately before sacrifice (27 h postinfection). The scoring system has been previously described (6, 8) . Briefly, scores of 0 (absent) to 4 (severe) were assigned to seven parameters: conjunctival injection, conjunctival chemosis, iritis (cell and flare), fibrin in the anterior chamber, hypopyon, stromal infiltrate, and stromal edema.
The sum of the scores from each of the seven parameters reflects the degree of inflammation observed. A normal eye has a score of 0. The highest possible score is 28. At no point in this study were the infections allowed to progress beyond a score of 20.
Bioassay for ciprofloxacin concentration. Immediately after the rabbits were sacrificed, the eyes were proptosed and any mucopurulent discharge was removed with a sterile Dacron swab. The eyes were then rinsed with sterile phosphatebuffered saline (PBS), and aqueous humor was collected by anterior chamber paracentesis from two rabbits (four eyes) in each of the three treatment groups within both age subpopulations. Ciprofloxacin was quantitated in aqueous humor by a bioassay (7) .
Quantitation of viable bacteria per cornea. Corneas were aseptically excised at the corneoscleral limbus and homogenized as previously described (12) . Aliquots (0.5 ml) of the homogenates were serially diluted 1:10 in sterile PBS, and 0. c SLE scores (SLE mean + SEM) at 27 h postinfection. Scores of young rabbits were significantly higher (P < 0.002) than scores of old rabbits for all groups. dNot significantly different from same age rabbits in group 1 (P > 0.25). 1 Significantly different from groups 1 and 2 of same-age rabbits (P < 0.001 for young rabbits; P < 0.03 for old rabbits). treatment), the young rabbits did not have significantly greater corneal pathology compared with the old rabbits (mean SLE score, 5.63 ± 0.34 for young rabbits versus 4.96 ± 0.24 for old rabbits; P = 0.08).
At 27 h postinfection (after treatment), all three groups of young rabbits had significantly greater SLE scores and numbers of PMN compared with the corresponding groups of old rabbits, regardless of treatment (Tables 1 and 2 ). In both young and old rabbits, the groups receiving the combined steroid-anti-inflammatory-antibiotic treatment (group 3) had significantly lower SLE scores than the groups receiving PBS (group 1) or antibiotic alone (group 2) ( Table  1) ; SLE scores in groups 1 and 2 were not significantly different from each other at either age.
Viable bacteria per cornea. Age did not affect bacterial growth; the numbers of viable bacteria in PBS-treated young and old corneas were not significantly different (Table 3 ). All eyes treated with ciprofloxacin, regardless of age or treatment group, had significantly fewer bacteria than the PBStreated eyes. All of the eyes from young rabbits treated with 0.3% ciprofloxacin, 1.0% prednisolone, and 0.03% flurbiprofen (group 3) were essentially sterile; i.e., fewer than 10 P. aeruginosa cells were recovered from corneal homogenates, whereas none of the similarly treated eyes of the old rabbits were sterile. Of the 16 eyes in group 2 (0.3% ciprofloxacin) 7 eyes of young rabbits and 6 eyes of old rabbits were sterile. d Not significantly different from group 1 of old rabbits (P = 0.5). e Significantly less than group 1 (P < 0.0001). f Not significantly greater than corresponding group in young rabbits (P = 0.12).
g Significantly greater than corresponding group in young rabbits (P < 0.01).
Ciprofloxacin concentrations in aqueous humor. Ciprofloxacin concentrations in aqueous humor were similar in young and old rabbits in both groups 2 and 3 ( Table 4 ). In rabbits of both ages, the groups receiving antibiotic plus steroid-antiinflammatory therapy (group 3) had ciprofloxacin concentrations higher than those receiving the antibiotic alone (group 2).
DISCUSSION
As P. aeruginosa multiplies and spreads within the stroma, an acute host inflammatory response ensues. The severity of this acute inflammatory response depends upon the virulence of the organism and the immune status of the host (1). Highly virulent organisms such as P. aeruginosa evoke a pronounced host response. In the immunosuppressed host, the hallmarks of ocular inflammation are relatively reduced (10) . Because of a decrease in the nonspecific resistance mechanisms in geriatric patients, the signs and symptoms of infection can be less obvious (2) . In this study, the SLE scores and corneal PMN numbers of young rabbits, presumably as a result of a more vigorous inflammatory response, were consistently higher than the scores for the older rabbits in the corresponding treatment groups.
The ocular damage in Pseudomonas keratitis depends to a large degree on the action of proteases (3, 9, 16 (3) . Preventing the influx of PMN into the P. aeruginosa-infected cornea with anti-inflammatory drugs appears to be an attractive adjunct therapy. This is true provided the bactericidal activity of the concurrently administered antibiotic is not compromised. The regimen that was associated with the least amount of pathology together with the fewest viable bacteria recovered from the cornea involved treatment with ciprofloxacin in addition to prednisolone and flurbiprofen (group 3). Ciprofloxacin efficiently eliminated 6 to 7 log units of P. aeruginosa from the cornea, and prednisolone and flurbiprofen reduced the amount of tissue damage from the host inflammatory response.
Cell-mediated immunity, humoral immunity, and nonspecific immune mechanisms decrease in functional capacity with age (5, 14, 15 
